Determination of covalent binding to intact DNA, RNA, and oligonucleotides by intercalating anticancer drugs using high-performance liquid chromatography. Studies with doxorubicin and NADPH cytochrome P-450 reductase.
An HPLC method is described which can determine covalent binding to intact nucleic acid by intercalating anticancer drugs and at the same time remove noncovalently bound intercalated drug. The method uses a column containing a nonporous 2-microns DEAE anion-exchange resin capable of chromatographing nucleic acids greater than 50,000 bases in size in under 1 h. After priming with 1 mg of DNA, the column behaves as an intercalator affinity column, strongly retaining the drug while allowing the nucleic acid to pass through normally. Retained drug is released with an injection of 0.1 M potassium hydroxide. Incubations were performed with the intercalator doxorubicin, which is also believed to bind covalently to DNA. When [14C]doxorubicin was mixed with DNA, at a concentration where all the drug would bind by intercalation, the column retained 82% of the total radioactivity, only 18% migrated with the nucleic acid. If the DNA was mildly denatured by treatment with 2 M sodium chloride at 50 degrees C for 45 min before chromatography, then 99.8% of total radioactivity was retained, only background counts migrated with the nucleic acid, as was the case with single-stranded DNA and RNA without any treatment. Purified NADPH cytochrome P-450 reductase was used to activate doxorubicin. DNA inhibited the metabolism of the drug by the enzyme, no covalent binding occurred with RNA, low levels occurred with single-stranded DNA (34 pmol/100 micrograms), and the highest levels were recorded with oligonucleotides (243 pmol/100 micrograms). The assay was sufficiently sensitive to measure covalent binding to DNA extracted from MCF-7 human breast cancer cells treated with 50 microM [14C]doxorubicin (18.6 pmol/100 micrograms). Thus, covalent binding to DNA, RNA, and oligonucleotides by intercalators can be measured quickly (20 min) without the need to either digest the nucleic acid or subject it to long sample preparation techniques.